Infection is a serious complication of surgery to correct scoliosis in patients with cerebral palsy (CP). We obtained multicenter representative figures for deep and superficial infection rates, analyzed risk factors and treatment outcomes, and compared deformity correction relative to infection. We retrospectively reviewed 157 patients who had posterior spinal fusion for CP at one of eight centers. Preoperative and intraoperative variables were subjected to multivariate analysis to determine factors predictive of infection. There were 16 wound infections (10%; nine deep, seven superficial). Only two study factors predicted infection: higher preoperative white blood cell count (8.5 versus 6.4 [in those without infection] 9 10 3 ) and use of a unit rod (15% versus 5% for bent rods). Fourteen patients underwent irrigation and débridement procedures. Five infections required 2 months or longer to resolve. Two had implant removal. Final curve correction was lower for those with deep infections than those without (67% versus 53%, respectively). We noted a trend toward greater percentages of pain at last followup in those with deep infection than in those without infection (50% versus 18%, respectively) but the study was not adequately powered to confirm this point. Our infection rate in scoliosis surgery for CP was higher than that for most elective spinal deformity surgery.
Introduction
Infection is a major setback in spinal deformity surgery, especially when it occurs in a compromised host such as the patient with cerebral palsy (CP). Several reports suggest an increased rate of surgical infection in this population [3, 5, 6] . However, most studies involved the results of a single surgeon or center, results that may reflect center-or physician-dependent treatment and patient groups rather than those of the overall population. In addition, some centers may have considered infection in this population to be an aberration rather than a clinically important issue, leading to an underestimate of its true occurrence.
Wound infection is the subject of intense study and preventive efforts. To develop effective strategies for prevention and treatment, it is important to understand the scope of the problem and the risk factors for its development. Therefore, we elected to use a broader base of surgeons and patients in an effort to provide data more representative of the general community. We also elected to focus attention on the outcomes after infection develops, a concept that, to our knowledge, has not been studied.
In a large group of patients with cerebral palsy who had spinal fusion for spinal deformity we (1) determined the rates of overall, deep, and superficial infection; (2) analyzed risk factors for infection; and (3) analyzed outcomes of the treatment of the infection, including the deformity correction in patients with and without infection.
Materials and Methods
We retrospectively reviewed the data of eight treatment centers from 1995 to 2004 to identify patients who had had spinal fusion for CP. Surgeons contributed cases for the portion of this time during which they were operating.
During the collection time, 384 patients had surgery for scoliosis. Of those 384 patients, the 157 (41%) who had returned for a minimum of 2 years of followup formed our study group. The 157 patients had a mean (± standard deviation) age at surgery of 13.5 ± 2 years, a mean preoperative curve size of 77°± 22°(range, 22°-128°), and a mean followup of 3.5 years (range, 2-12 years) ( Table 1) . Of the identified 157 index procedures performed, 109 were posterior-only fusions and 48 were anterior and posterior fusions; 39 of the latter were same-day procedures and nine were staged. Implants used were classified as unit rods (79 patients) or custom-bent rods (78 patients). None of the patients had an open ulcer at the time of surgery. We had prior institutional review board approval from all participating institutions.
We defined an infection as superficial if it was confined to the level above the paraspinous fascia and if it required antibiotics or wound dressing changes (determined during wound care). We defined an infection as deep if it extended below that fascia. Organisms isolated from the infections included pseudomonas (4), proteus (1), methicillin-sensitive (2) or methicillin-resistant (2) Staphylococcus aureus, and methicillin-resistant Staphylococcus epidermidis (1). The frequency of Gram-negative organisms equaled or exceeded that of Gram-positive organisms, as reported previously in the neuromuscular population [5] . We analyzed the following factors we presumed might predict infection: age, mental retardation, ambulatory status, weight for age, presence of feeding tubes, total protein and total lymphocyte count preoperatively, estimated blood loss, use of broad-spectrum prophylactic antibiotics, performance of a posterior-only versus a one-or twostage anteroposterior procedure, and preoperative curve magnitude.
We analyzed the outcomes of the infection (eradication of infection, percent curve correction, pseudarthrosis seen on conventional radiographs as sclerosis or discontinuity in the fusion mass, pain as reported by caregivers, and need for implant removal).
Preoperative and intraoperative variables previously presumed associated with infection were subjected to multivariate analysis to determine factors predictive of infection. Binary logistic regression analysis was performed to determine which of the factors predicted infection. Analysis of variance was used to further evaluate differences in predictive variables between patients with and without infection. Data were checked for normality of distribution (Q-Q plots) and equality of variances (Levene's test). For categorical predictors, chi square analysis was used. Data were analyzed using Statistical Package for the Social Sciences version 12.0.1 (SPSS, Inc., Chicago, IL).
Results
We identified 16 patients among the 157 (10%) who had wound infections. Of those 16, nine (6% of the total series) were deep and seven (4% of the total series) were superficial. All infections presented within 3 months after surgery.
Patients with postoperative infections had higher (p = 0.003) preoperative platelet (265 versus 241 9 10 3 ) and white blood cell counts (8.5 versus 6.4 9 10 3 ) than those without. Unit rods were associated with a higher (p = 0.03) overall infection rate than were custom-bent rods (15% versus 5%, respectively). Of the nine deep infections, we found similar infection rates (p = 0.19) for unit rods and custom-bent rods (9% versus 4%, respectively). The other variables also did not predict infection (Table 1) . Urinary tract infections occurred in similar percentages (p = 0.23) of patients without and with wound infection (seven of the 141 patients [5%] without a wound infection and two of the 16 [13%] with wound infections.
Patients who had an infection develop had a similar (p = 0.19) preoperative curve magnitude as did patients who did not have an infection develop (70°± 25°versus 78°± 22°, respectively) ( Table 2 ). The final curve correction was lower (p = 0.04) for those patients with deep infections than for those without infection (67% versus 53%, respectively). We observed no pseudarthroses on conventional radiographs. Fourteen patients underwent irrigation and débridement procedures (11, once; one, twice; one, three times; and one, four times), five infections required 2 months or longer to resolve, and two patients had implant removal; both of the latter had deep infections. Four patients had deep wound infections, all of which were successfully treated with vacuum-assisted closure. Pain was reported at last followup in 50% of those with deep infection and 18% of those without infection (p = 0.09); the power for pain analysis was too low (35%) to allow definitive conclusions.
Discussion
Understanding the scope of a healthcare problem and its associated risk factors are critical elements for the development of effective prevention and treatment strategies. For patients with CP who undergo spinal surgery, infection can affect outcome. In addition, payment to hospitals for treatment of acquired infections is at risk. Much of the available relevant literature is single-surgeon or singlecenter generated, and the resultant data may not be applicable to the overall population. Therefore, we used a multicenter approach to provide more representative data and to address the outcome after infection. Our purposes were to (1) obtain representative figures for the rates of overall, deep, and superficial infection; (2) analyze risk factors for infection; and (3) analyze outcomes of the treatment of the infection, including the deformity correction, in patients with and without infection.
There were five major limitations to our study. First, with the retrospective nature of the study we did not have consistent definitions of infection; a prospective analysis might provide a clearer definition of infection, with more attention paid to identifying associated organisms and to defining more clearly superficial versus deep infections. Second, the accuracy of all data may arguably be better in a prospective than a retrospective study. Such a study is currently underway. Third, our varying surgeon experience may have had both positive and negative effects: it may appropriately reflect the surgical experience in general, but it may not represent the optimal state of the art. Fourth, we did not perform any interobserver or intraobserver reliability analyses. Fifth, fewer than 50% of patients returned for 2-year followup. This return rate was the result of many factors, including aging beyond the pediatric realm, lowered motivation for followup once active issues were resolved, and others. Although we are unaware of a bias that might have bearing on the infection rate, the study would have been stronger with a larger percentage of followup. There is a potential for misinterpretation of the data based on the sample that returned for followup.
We found overall, deep, and superficial infection rates of 10%, 6%, and 4%, respectively. Infection is a common problem after spinal fusion in patients with CP. Our rate of 6% deep infection contrasts to the commonly observed 1% to 2% rate for adolescent idiopathic scoliosis [1, 4] , but is well within the range quoted in the literature [1, 7, 10, 11] . The data on the rate of superficial infection are less clear, but at least another 4% of our patients had superficial infection.
We identified two risk factors for developing infection: higher preoperative platelet and white blood cell counts. The reason for the finding of the unit rod as a predictive factor of overall infections is speculative, but it may be related to the higher blood replacement needed for the patients treated with a unit rod. Alternatively, it may be related to differences in the surgical process or reporting at the institutions performing unit rods.
In terms of outcome, the occurrence of an infection represents a major setback for the patient, with short-term and long-term implications [4] . In the short term, most of our patients (14 of 16) underwent at least one reoperation for débridement and possible closure, and five infections required at least 2 months to resolve. The long-term implications often involve compromise of the final result; in our series, two patients had implant removal, and we found less final coronal curve correction in patients with a deep infection (53% of preoperative curve versus 67% for the noninfected cohort). Probable reasons for this finding may have included an increased rate of pseudarthrosis or delayed fusion and the occurrence of compromised fixation because of the infection. Finally, there was a greater reporting of postoperative pain in patients who had had infection than in those who had not. This finding may represent the same factors listed for deep infection, as well as soft-tissue problems related to the paraspinous muscle or incision.
Risk factors for infection were difficult to elucidate. A widely reported tenet is that preoperative nutritional indicators such as total protein, albumin, and weight for age would predict an increased infection rate [3, 6] . These findings were not supported by our study. The finding that an increased white blood cell count was associated with an increased risk of infection was unexpected and remains to be explained. It seems that a preventive strategy should be aimed at improving the operative process for all patients having this surgery, not only the preoperatively malnourished (Table 3 ) [2, 8, 9] . With the experience of eight centers, we provide a representative figure of 6% deep and 4% superficial infection rate in scoliosis surgery for CP. This is higher than in most elective spinal deformity surgery. Higher preoperative white blood cell count and use of a unit rod (for the overall infection rate) were the two factors associated with an increased risk of infection. The final result may be compromised, and implant removal is sometimes required to clear infection in these medically fragile, complex hosts.
